###### Strengths and limitations of this study

-   The study undertakes extensive safety measures to ensure participant safety.

-   The use of biomarkers and imaging techniques such as MRI enable us to assess the impact the study drug could have on this group of patients, qualitatively and quantitatively.

-   This endeavour is an investigator-initiated trial, with internal funding.

-   The sample size is small, which would give us exploratory findings that could be used in larger trials.

-   This is an open-label, unblinded trial with no control group.

Introduction {#s1}
============

Currently, in chronic 'heart failure with reduced ejection fraction' (HFrEF), therapeutic management targets neurohormonal inhibition; however, the prevalence of postdischarge events, rehospitalisation and mortality rates remain high.[@R1] New clinical and experimental evidence supports inflammation as the central mediator in the development and progression of HFrEF.[@R2] Particularly, the B-cell activation signalling, which includes the production of pro-inflammatory cytokines, the propagation of anticardiac antibodies with the subsequent activation of the complement system.[@R3] A large number of autoantibodies against specific cardiac antigens have been determined in patients with end-stage HFrEF.[@R3] For instance, our group analysed human hearts with HFrEF and found that approximately 70% of them had anticardiac antibodies deposited within the myocardium. Additionally, the complement activity was also demonstrated in a third part of the biopsies. In fact, the presence of these molecules was directly correlated with the length, class and progressive state of the disease, indicating that these antibodies play an active role in the progression of HFrEF.[@R1] Furthermore, in a murine model, we proved that by the depletion of B-lymphocytes using a monoclonal antibody that binds to the CD20 antigen (rituximab), we were able to reduce the expression of heart failure. We observed the cardioprotective effect of B-cell depletion by a significant reduction of cell hypertrophy, collagen deposition and by encountering a preserved ejection fraction in the CD20-treated mice.[@R2] Moreover, rituximab has been successfully used, in complicated postheart-transplant patients with severe heart failure due to transplant rejection, observing a regression of ventricular dysfunction in the majority. Similarly, rituximab has been efficient and safe in haematological malignancies and autoimmune diseases.[@R6] Finally, the purpose of this trial is to test the hypothesis that the use of a monoclonal antibody, rituximab, is indeed safe in patients with HFrEF, as observed in myocardial infarction with high levels of high-sensitivity C reactive protein patients treated with a human monoclonal anti-interleukin (IL)-β antibody.[@R7] The trial is essential for further study, which would evaluate the efficacy of rituximab.

Study details {#s2}
=============

This study will be carried out in the Zambrano Hellion Hospital, under the supervision of Dr Guillermo Torre-Amione. Additional information regarding healthcare resource utilisation is available in the subsection entitled 'Healthcare Resource Utilization\' in the data repository in ClinicalTrials.gov. This study will be conducted per the Helsinki Declaration. Additional explanation and details are shown in the full version of this protocol in the online [supplementary material](#SP1){ref-type="supplementary-material"}.
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Methods {#s3}
=======

Sample size {#s3a}
-----------

We considered a convenience sample of 10 patients from our heart failure clinic since the previously reported incidence of acute coronary syndrome (ACS) and atrial and ventricular arrhythmias with the use of rituximab is \<0.1% and 7.6%, respectively.[@R8] Regarding the worsening of left ventricle ejection fraction (LVEF) attributed to rituximab, the incidence is limited to case reports only, wherefore it is impossible to precisely determine the incidence.[@R9] Moreover, with the strategic safety measures that we will take before, during and following the rituximab administration, we aim to reduce the risk of potential cardiovascular adverse events (AEs). However, the sample size required; considering a power of 80% and an alpha score of 0.05, obtained by probabilistic methods, ranges from 321 to 26 091 subjects to enrol, which would, unfortunately, be out of our reach.

Protocol information {#s3b}
--------------------

This protocol has been elaborated according to the Standard Protocol Items: Recommendations for Interventional Trials guidelines drawn from the Equator Network (<http://www.equator-network.org>) and posteriorly registered at Clinicaltrials.gov on 2 November 2017, approved and given the identifier NCT03332888, Pre-results.

Study design {#s3c}
------------

The study is a phase II, single-centred, single group, prospective clinical trial aiming to evaluate the safety of rituximab doses among stable patients with functional class III/IV according to the NYHA classification with HFrEF with an inadequate response to treatment. Inadequate response to treatment is being defined as hospitalisations and the worsening of functional class despite compliance and optimal dosage of standard treatment. Our protocol is a therapeutic exploratory phase II trial since our primary objective is to assess the safety of a predefined dose of rituximab in subjects with HFrEF.[@R10] The index qualifying HFrEF must have EF≤40% based on echocardiographic or cardiac MRI techniques, aged 40--60 years and being diagnosed \<12 months before enrolment of study.[@R11] Our selected inclusion, exclusion and elimination criteria can be seen in [figure 1](#F1){ref-type="fig"}. This study will not randomise the sample, wherefore allocation concealment is inapplicable. The reason, therefore, is due to the fragile nature of the study population, making it unethical to implement a control group. Investigators were not blinded due to the fact there is no group allocation during the study. This phase II trial aims to provide supplementary evidence of the safety of an already approved dosing regimen[@R11] in a group of patients with severe HFrEF and unresponsive to standard treatment, with secondary end points of efficacy (analysed as exploratory). This trial is essential for the possible further analysis of the study drug for more extensive studies. The date of study initiation will be 29th of May 2019.

![Inclusion, exclusion, and elimination criteria. ALT, alanine transaminase; AST, aspartate transaminase; BNP, B-type natriuretic peptide; COPD, chronic obstructive pulmonary disease; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; MI, myocardial infarction; MRSA, Methicillin-resistant *Staphylococcus aureus*; NYHA, New York Heart Association; VRSA, vancomycin-resistant *S. aureus*; WBC, white blood cell.](bmjopen-2018-022826f01){#F1}

The primary objective of this clinical trial is to assess the safety, in the use of rituximab, in clinically stable patients, unresponsive to standard treatment and in functional class NYHA III--IV, under the standard of care therapy. As a secondary objective, we wish to explore the possibility of changes in the measurements of neurohormonal biomarkers considered to have a prognostic value in patients with HFrEF. Moreover, if the use of rituximab delays cardiac fibrotic remodelling, it will be evidenced on MRI.

Patient and public involvement {#s3d}
------------------------------

Patients were not involved in the idea conception, design or the protocol elaboration of this trial.

Prescreening {#s3e}
------------

Prescreening is a key element to successfully identify the correct patients to be screened for this clinical study. We pay special attention, and apply scrutinous screening, to patients with recent history of a cardiovascular event, procedure or major surgical procedure in the last 30 days before screening. The prescreening visit will be used after review of the patient's charts to determine patient's eligibility and to obtain a baseline chest X-ray, Quantiferon, 24-hour Holter and baseline ECG, which is to be run locally, for those potentially eligible patients who do not have a current one available. These procedures will be carried out 14 days before the screening phase.

Screening {#s3f}
---------

Screening evaluations will include extensive medical history assessment while paying particular attention to infectious history, both hepatic and kidney function, as well as possible oncologic disease. The time between screening and initiation can be up to approximately 2 weeks. Patients will be numbered and added to the database as soon as eligibility assessments have been completed. Rescreening is not allowed. Patients should be clinically stable at the time of screening.

Patients will be interrogated to rule out history of irregular heartbeats or chest pain of recent onset, lung or kidney disease, a weakened immune system and history of any of the following severe infections including: a) hepatitis B virus; b) hepatitis C virus; c) cytomegalovirus; d) herpes simplex virus; e) parvovirus B19; f) varicella-zoster virus (chickenpox or shingles); g) West Nile virus. Also, history of a recent vaccination or someone in the household who are scheduled to receive vaccinations. This is important since some types of vaccines can lead to the spread of diseases to individuals with weakened immune systems. Fertile women should use dual birth control (ie, condom plus diaphragm) while using rituximab and for 12 months after finishing treatment.

Patient enrolment {#s3g}
-----------------

Enrolment will include a 7-day interval between the first five patients. Thereafter, an interim analysis will be conducted to uncover AEs and negative outcome attributable to the study drug, which could avoid unnecessary patient exposure to a hidden hazard. If the interim analysis evaluations results are favourable, the enrolment will proceed until the sample size is complete which can be seen in [figure 2](#F2){ref-type="fig"}.

![Enrolment plan.](bmjopen-2018-022826f02){#F2}

Interim analyses {#s3h}
----------------

An interim analysis of safety and futility will be carried out during the study to avoid exposing study patients to potentially dangerous treatment or unnecessary risks. We will perform an interim analysis when five of the subjects enrolled in the study hit the 3-month mark after initiation of the study. The aim is to examine the effects of rituximab treatment on key safety end points; incidence of potentially fatal ACS and arrhythmias as cardiovascular events. If more than three patients present one of these potentially fatal AEs, the intervention will be stopped to avoid compromising the safety of the patient. Despite discontinuing the intervention, patients enrolled in the study will continue with follow-up visits indefinitely at the Zambrano Hellion Hospital.

Patients who discontinue study treatment {#s3i}
----------------------------------------

It is important to note that participants may always withdraw consent or opt to retire from this trial at any given point in time. This will not impact their relationship with their physician; neither will it impact the quality and flow of their healthcare. Any patient who stops study treatment or withdraws consent will not be allowed to restart the study treatment. Patients who decide to discontinue study treatment, whatever the cause, will be granted scheduled follow-up visits, and be eligible to be admitted to the emergency department of the Zambrano Hellion Hospital under any protocol-related circumstance that may be presented. Regarding data of patients who decided to withdraw the protocol, the analysis of data will be performed using the on-treatment method.

Treatment and intervention protocol {#s4}
===================================

Study intervention {#s4a}
------------------

In the papers published by Sánchez-Trujillo *et al*, Kaya *et al* and Ludwig *et al*, we encountered the relationship that myocardial fibrosis had with B-type lymphocyte antibodies.[@R2] These findings included the ways B-type lymphocyte antibodies could be involved in mediating the inflammatory pathway. Rituximab is one of the four monoclonal antibodies, which leads to the depletion of solely the B-type lymphocytes. However, ibritumomab, for instance, is given only as part of a treatment regimen in combination with the drug rituximab, in the treatment of certain types of non-Hodgkin's lymphoma.[@R12] Another monoclonal antibody, I-131 tositumomab, is used in patients with CD20-positive follicular non-Hodgkin's lymphoma refractory to rituximab,[@R13] and finally, alemtuzumab, additionally targets CD52 and is used in multiple sclerosis.[@R14] We conclude that monoclonal antibodies cannot necessarily be compared since they have different therapeutic objectives and pathways. Since rituximab matched our aims and objectives, it was our study drug of choice.

We will enrol patients unresponsive to standard treatment and hospitalised in the last 12 months. Study treatment will be administered at the clinic under the supervision of the investigative staff with the dosing record captured within each visit on the study database. The study consists of two infusions, with study drug being administered on days 1 and 15, respectively. After that, participants will be followed for 6 months where safety will be evaluated, to assess if any end points had been met. Patients will have scheduled assessments weekly after the initiation of treatment and monthly visits thereafter to evaluate the safety and non-occurrence of any mentioned plausible AEs which could be identified as trial end points. Despite discontinuing the intervention, patients enrolled in the study will continue with follow-up visits indefinitely at the Zambrano Hellion Hospital. The design of the study including screening phase, drug administration date and safety monitoring is presented in [figure 3](#F3){ref-type="fig"}.

![Study outline flow chart. HF, heart failure; HFrEF, heart failure with reduced ejection fraction.](bmjopen-2018-022826f03){#F3}

Dosage justification {#s4b}
--------------------

In the randomised, double-blind study to evaluate the effect of various re-treatment regimens of MabThera in combination with methotrexate on treatment response in rheumatoid arthritis patients with an inadequate response to methotrexate (MIRROR study), the higher rituximab dose group (two doses of 1000 mg) was associated with a safe and sustained clinical response at week 48 and was related with the lowest incidence of cardiovascular AEs.[@R11] Aside from the fact that these patients submitted to this regimen had no significant elevation in their incidence of cardiovascular AEs, we prioritised the potential benefits that rituximab could have for these patients with class III and IV heart failure. Moreover, intravenous methylprednisolone (100 mg) as premedication to rituximab infusion will be given to reduce the possibility and severity of infusion reactions. Acetaminophen and antihistamines have also been routinely given in clinical trials before rituximab infusions and are therefore also acceptable.[@R15] Clinical staff will be entrusted to the study drug administration, patient monitoring and AE management and reporting. The detailed schedule of enrolment, interventions and visits for study participants is presented in [figure 4](#F4){ref-type="fig"}.

![Study schedule. BNP, B-type natriuretic peptide; CC, creatinine clearance; ICF, informed consent form; I/E, inclusion and exclusion criteria; NYHA, New York Heart Association; QFT-G Quantiferon-G.](bmjopen-2018-022826f04){#F4}

Preparation {#s4c}
-----------

The appropriate aseptic technique will be used while preparing rituximab for administration. To prepare the study drug, we will proceed according to the detailed preparation procedures described previously by Specks *et al*.[@R16] We will withdraw the required amount of rituximab, diluting it to its final concentration of 1--4 mg/mL into an infusion bag with 0.9% sodium chloride, USP. After carefully mixing the solution it will be ready for use. Unused remnants left in the phial will be discarded.[@R17] We will inspect for discolouration or particulate matter, and protect vials from direct sunlight, storing it at its stable temperature at 2°C--8°C (36°F--46°F). Due to rituximab having such a delicate nature, it will be refrigerated inside a pharmacy granted to comply with all of these instructions.[@R15] The diluted solution will be stored in the same location following storage instructions. The vials provided to the pharmacy will have study-specific investigational agent labels, with corresponding national registration number 248M98 SSA.

Infusion monitoring and application {#s4d}
-----------------------------------

After preparation of the study drug, the infusion will take place in a controlled and specialised environment in the Zambrano Hellion Hospital, where investigators staff is equipped and prepared to infuse and treat patients in the event of any AE. Constant monitoring must take place during these infusion, assessing vital signs every 15 min during the infusion of the study drug and up to an hour thereafter. All the while, the intravenous line will be maintained, enabling to proceed if any reaction occurs, as previously described by Specks *et al*.[@R16] We will not administer rituximab as an intravenous push or bolus due to the risk of hypersensitive reactions that could ensue. We will obtain an ECG to assess any possible arrhythmogenic AE. Patients will later be discharged with a 24-hour Holter and return the next day for full clinical evaluation by the research team. There will be a 24 hours phone line and a mobile line available if patients require medical assistance.

As previously observed, an H2 histamine receptor antagonist (ranitidine orally, 150 mg), an antihistaminic (diphenhydramine orally, 50 mg) or an equivalent dose of a similar antihistamine, acetaminophen orally 650 mg and methylprednisolone intravenous 100 mg will be given orally 30 min before each infusion of rituximab.[@R11] Premedication is known to attenuate infusion-related events. Because transient hypotension may occur during rituximab infusion, no antihypertensive medications will be administered at least 12 hours before the initiation of the infusion. The rituximab solution should be administered intravenously using infusion pumps at an initial rate of 50 mg/hour. If hypersensitivity or infusion-related events do not occur, we shall escalate the infusion rate in 50 mg/hour increments every 30 min, to a maximum of 400 mg/hour to fulfil the total dose of 1000 mg.[@R15] If no adverse effects ensue, the total dose of 1000 mg would be administered in 4 hours with 15 min. If no reactions occur with the first infusion, subsequent rituximab infusions will be administered at an initial rate of 100 mg/hour and then increased by 100 mg/hour every 30 min, to a maximum of 400 mg/hour as tolerated.[@R15] If in this second infusion no adverse effects ensue, the total dose of 1000 mg would be administered in 3 hours with 15 min. Moreover, appropriate precautions should be used for the second infusion: during the second administration, the same safety strategy will be considered, even after subjects had not experienced any AE during first drug infusion.

Common rituximab-associated not serious and serious adverse events {#s4e}
------------------------------------------------------------------

Infusion reactions, ascribed to either allergic reactions or more seriously, anaphylaxis, were the most common AEs. Many reactions developed within 24 hours, most frequently subsequently to the first infusion, which may be related to the release of cytokines or other chemical mediators, and rarely necessitate discontinuation of treatment. Clinically, these reactions include fevers, chills, rigours, nausea, dizziness, pruritus, urticaria/rash, angioedema, laryngeal oedema, sneezing, throat irritation/tightness, cough, hoarseness, bronchospasm, pulmonary infiltrates, hypoxia and acute respiratory insufficiency.[@R15] A later and sometimes confusing AE is hypersensitivity pneumonitis presented as dyspnoea, hypoxaemia, eosinophilia and pulmonary infiltrates.[@R18]

When reactions are mild, the rate of infusion will be slowed or temporarily interrupted and resumed at half the previous rate after symptoms subsided. In the series of 465 patients treated for rheumatoid arthritis, serious infusion reactions decreased from 32% in the group receiving two 500 mg infusions of rituximab and 37% in the group receiving two 1000 mg infusions of rituximab to 19% and 29%, respectively, after premedication with intravenous glucocorticoids.[@R20] This indicates the importance and relevance of adequate premedication to minimise incidents and to increase patient safety.

Possible increased risk of cardiac ischaemic events {#s4f}
---------------------------------------------------

The proposed mechanism of rituximab-induced myocardial infarction could be the release of cytokines following the death of B-cells that leads to platelet activation, vasoconstriction and plaque rupture.[@R21] The risk could be more in patients with pre-existing atherosclerosis and vulnerable plaques and advanced stage malignancy. Adequate hydration before initiating rituximab (especially with first dose infusion) treatment might be a preventive strategy. Due to reported cases of angina, ACS and arrhythmias related to rituximab infusion, caution for its use is advised by the Food and Drug Administration in patients with a history of cardiovascular disease.[@R17] In addition to ACS and arrhythmia, rituximab-induced cardiogenic shock and delayed reduction of LVEF, Takotsubo and non-ischaemic cardiomyopathies have also been described.[@R18] The majority of the events have been described in rheumatoid arthritis.[@R22] Awareness of the cardiotoxicity profile of rituximab is important to minimise the risk of treatment-related morbidity/mortality. As described in detailed previously, in addition to ACS and cardiac arrhythmia, non-ischaemic cardiomyopathy may be associated with the infusion of rituximab, occurring within the first 48 hours. Symptomatology that could be attributed to ACS or HFrEF should be given special attention as a life-threatening event and must be ruled out.[@R9]

Immunosuppression-related adverse effects {#s4g}
-----------------------------------------

Infections are an AE that must be detected early. Comorbidities that patients could have (ie, diabetes mellitus type 2) only increase the risk of complications such as sepsis, and sequelae. Six of the most severe infections are gastroenteritis, pyelonephritis, influenza, fever of unknown aetiology and de novo hepatitis B virus, colitis and pneumonia.[@R24]

Management of adverse events {#s4h}
----------------------------

In the case that despite all efforts, an AE occurs, efficient emergency care will be readily available at the infusion centre. Severe reactions typically occur during the first infusion with time to onset of 30--120 min. Rituximab-induced infusion reactions include: hypotension, angioedema, hypoxia, bronchospasm, pulmonary infiltrates, acute respiratory distress syndrome, myocardial infarction, ventricular fibrillation, cardiogenic shock, anaphylactic events or death. Hence, clinical staff will be aware of detecting these reactions.[@R15] Intravenous antihistamine (chlorphenamine 10 mg intravenous) and/or glucocorticoids (hydrocortisone 100 mg intravenous) will be used initially. In more severe cases (oedema of the face, dysphonia, stridor, respiratory failure or imminent collapse), epinephrine (1mg=1 mL of epinephrine in aqueous solution 1/1000) is 0.3--0.5 mg in a single dose. This treatment will be repeated every 5--15 min according to the severity and tolerance of the patient, plus continuous oxygen therapy, with monitoring of arterial O~2~ saturation, intravenous fluids and haemodynamic status monitoring, as in any anaphylaxis. If severe infusion reactions occur, the infusion of rituximab will be stopped. The infusion will be restarted after symptoms and laboratory abnormalities have resolved completely. If life-threatening anaphylactic or hypersensitivity reactions occur, participants will be removed from the treatment phase and not retreated with the study drug. Before infusions, a blood sample for complete blood count (CBC) will be collected and sent for analysis. If a participant's WBC count is \<3000/mm^3^, the infusion should be withheld. The CBC will be repeated weekly or as often as necessary for optimal medical care. If the participant's WBC count returns to \>3000/mm^3^, the next scheduled infusion of the rituximab will be administered. If the count does not rise above 3000/mm^3^ within 2 weeks, the participant will be excluded and will be treated according to best clinical judgement.

Permitted dose adjustments and interruptions of study treatment {#s4i}
---------------------------------------------------------------

The rituximab infusion should be interrupted if severe infusion reactions occur. In most cases of mild-to-moderate reactions, the infusion can be resumed at a 50% rate reduction (ie, from 100 to 50 mg/hour) when all symptoms have improved entirely and are no longer deemed a threat to the participant well-being by the clinical staff.[@R15] For example, some mild reactions (ie, flushing) may not be completely resolved despite reducing the infusion rate and administering additional acetaminophen and/or antihistamines. When the participant infusion reaction symptoms are deemed improved according to the clinical staff, the infusion rate can be resumed, as described.

All vital sign infusion reactions must be completely resolved before resuming the infusion rate as described. Treatment of mild-to-moderate symptoms with additional doses of antihistamines and acetaminophen is recommended.[@R15] Rigours can be managed with meperidine or morphine, depending on the site formulary. Additional treatment with bronchodilators or intravenous saline may be applied as clinically indicated. Epinephrine, antihistamines and glucocorticoids should be available for immediate use if a hypersensitivity reaction (ie, anaphylaxis) to rituximab occurs. The processes to carry out these procedures and a description of study instruments is described in detail and available in the safety, AEs and harms subsection along with the laboratory evaluation subsections of our data repository at Clinicaltrials.gov NCT03332888. Also, relevant concomitant care and interventions that are permitted or prohibited during the trial are also therein described.

Outcomes {#s5}
========

Primary outcomes {#s5a}
----------------

Our primary outcome is the incidence of cardiovascular death, ACS, Takotsubo cardiomyopathy, worsening of LVEF, atrial and ventricular arrhythmias attributed to rituximab. Moreover, elevation of B-type natriuretic peptide (BNP)\>100 pg/mL or an increase of 1.5x in its basal expression and high-sensitivity cardiac troponin I ≥2 ng/L values will be considered.

Secondary outcomes {#s5b}
------------------

As a secondary outcome, we will evaluate the concentrations of pretreatment and post-treatment biomarkers such as BNP, high-sensitivity cardiac troponin I, IL-1β, interferon (IFN)-α, IFN-γ, tumour necrosis factor (TNF)-α, monocyte chemoattractant protein 1 (MCP-1), IL-6, IL-8, IL- 10, IL-12p70, IL-17A, IL-18, IL-23, IL-33, mononuclear cells, CD1d, CD19, CD5, CD20, IL-10, TNF-α, PIIINP, PINP, ICTP. Finally, our exploratory objectives will be to evaluate the regression of the local cardiovascular, inflammatory response and prevent the progression of fibrosis, which would preserve the dimensions of the left ventricle, EF and the same degree of fibrosis. After an acute myocardial infarction, in heart failure and even in subjects without overt cardiovascular disease, the basal dimensions of the left ventricle and EF are significant predictors of survival. Therefore, these objectives will be measured to estimate the beneficial effects, similar to ACE inhibitors and beta-blockers that in the treatment of heart failure seem to possess the ability to inhibit or reverse cardiac remodelling.[@R25] The images obtained by MRI with late enhancement of gadolinium (LGE) will be used to determine and describe the cardiac remodelling and, in doing so, to evaluate if the exploratory objectives of this work are met. These objectives, such as EF and myocardial fibrosis, will be evaluated using MRI. The method used on MRI to quantify myocardial fibrosis will be the clinically validated LGE.[@R26] LGE measures if the retention of gadolinium contrast agent is prolonged compared with the healthy myocardium, resulting in the increased signal intensity of this region on a T1-weighted MRI image, by adding an inversion pulse with a well-chosen inversion time to null the signal of the healthy myocardium. Replacement fibrosis, (ie, due to ischaemic heart disease) can be distinguished as it is well-delineated on LGE images. Inflammation can and will also be detected; here contrast agents that infiltrate immunocompetent cells have been used, allowing these cells to be tracked and, as a consequence, effectively delimiting inflammatory regions.[@R27] Also, the Minnesota Living with Heart Failure Questionnaire will be considered to assess the quality of life.

Biomarkers {#s5c}
----------

During the study, the biomarkers will be categorised according to their purpose and relevance in ventricular dysfunction, fibrosis, micronecrosis and inflammation. For ventricular dysfunction, BNP will be considered for acute cellular damage, high-sensitivity cardiac troponin I will evaluate the presence of acute cellular damage/micronecrosis. The high-sensitivity cardiac troponin I assay is based on a enzyme linked fluorescent assay. Cardiac troponin I in the sample will bind to the specific antitroponin I antibodies, which are coated on the solid phase receptade, causing agglutination. The degree of the turbidity caused by agglutination can be measured optically and is proportional to the amount of troponin I in the sample. The reference range is \<2 ng/L. Regarding BNP measurements, the methodology applied was immunochemiluminometric assay, where we consider a value \>100 pg/mL as elevated. Both will be measured at each visit for patient safety. A specific altruistic sample will be taken to analyse these biomarkers. Furthermore, in order to quantify the inflammatory behaviour and the effect of AMF-CD20, IL-1β, IFN-α, IFN-γ, TNF-α, MCP-1 will be evaluated, IL-6, IL-8, IL-10, IL-12p70, IL-17A, IL-18, IL-23, IL-33 as well as mononuclear cells, CD1D, CD19, CD5 and CD20. Finally, fibrosis will be considered as collagen markers N-Terminal Propeptide of Type III Collagen (PIIINP), N-Terminal Propeptide of Type I Collagen (PINP), C-Terminal Telopeptide Type I Collagen (ICTP). The panel of biomarkers of inflammation, mononuclear cells and fibrosis will be taken at the beginning, and at the end of the study.

Concomitant treatment {#s5d}
---------------------

Every single concomitant medicine is taken by or controlled to subjects in the last 30 days before enrolment will be considered. All medications will be coded using the WHO drug dictionary. The number and percentage of subjects accepted earlier, and concomitants medications or treatments will be presented overall by prescription class.

Statistical design and analysis {#s5e}
-------------------------------

The continuous variables will be presented as median and IQR, and the categorical variables as frequencies and percentages, respectively. We will conduct statistical comparisons between the initial data from the baseline visit with data from the third and sixth months, respectively. The analysis of the primary end point will be descriptive, considering the incidence of related cardiovascular drug AE and it will be performed according to the on-treatment method. Comparisons and associations between demographic variables, laboratory results, measures of cardiovascular function and biomarkers over the prespecified visits will be performed using non-parametric tests (Wilcoxon signed rank test), depending on the distribution of variables. The analysis will be adjusted with regression methods for age, sex, body mass index and NYHA functional class. These results will be considered as exploratory. Statistical significance will be assumed with a one-sided p value\<0.05.

Ethics and equipoise {#s5f}
--------------------

The trial was approved by IRB (registry number: CONBIOETICA-19-CEI-011--20161017 and COFEPRIS 17 CI 19 039 003) and is currently in the prerecruitment stage. This trial is executed in a group of patients, that due to their cardiovascular state, and functional class, their condition proves debilitating and incapacitating. Moreover, these patients, unfortunately, have a reserved prognosis, with an elevated 5-year mortality rate, and no known therapy that could lead to improvement. Hence, this trial searches to establish the safety of an alternative strategy in ameliorating prognosis, detaining heart failure progression through processes described anteriorly and a possibly better quality of life.

Access to data and confidentiality {#s5g}
----------------------------------

Regarding the informed consent form data, the patient or the patient's legally authorised representative will receive a copy of each signed consent form. All signed and dated forms of consent will remain in the study file of each patient or centre file and will be available for study monitors to verify at any time. The data obtained from collecting lab samples, cardiovascular studies (ECG, echocardiography, 24-hour Holter), chest X-rays and altruistic samples will be stored in individual patient files. These files will be available to the principal investigator both in physical and electronic form. He will disclose the necessary information to subinvestigators when it is deemed necessary for the patient well-being and cardiovascular integrity. However, personal information of patients will be blinded to investigators, to preserve the confidentiality of patients. The patient's medical records from the trial such as baseline laboratory values, images and questionnaires will be used and entered into a database. Range checks will be done for all the data values, and a clinical description will be made for all image studies, which will in turn also be inserted into the database. We reiterate that patient's medical files will be managed professionally, releasing information only if deemed necessary by the principal investigator, at the benefit and the discretion of the patient while maintaining patient confidentiality. Any personal information of the patients will be blinded to the investigators.

Ancillary and post-trial care {#s5h}
-----------------------------

If necessary, ancillary care will be covered at the Zambrano Hellion Hospital. In case of any AE, related to the study drug or not, patients who participate in this study will be able to rely on the Zambrano Hellion Hospital for prompt admission and care. They will be promptly admitted to medical care in the event of any medical emergency or complication, and the institutional account 0010RPD003 will cover all the medical expenses.

Protocol amendments {#s5i}
-------------------

Any amendment that this protocol could be submitted to will be reported and sent to the Ethics and Research Committees of the Tecnologico de Monterrey for further evaluation, who according to National guidelines and policy, will assess these changes.

ICF procedures {#s6}
==============

All investigators are required to carry out an exhaustive expounding of each procedure to participants and acquire the patient's signature in the presence of a witness. The ICF form will contain different sections, each hosting its designated procedure, consent provisions for collection and use of participant data and biological specimens in ancillary studies. The investigator will explain to each patient the objectives, methods and possible risks associated with the procedure involved. Patients must be informed that they have the right to withdraw their consent at any time and for any reason. A separate signature will be required to document a patient's agreement to participate in collection and use of participant data and biological specimens in ancillary studies. The patient or the legally authorised representative will sign and date forms of consent before their participation in the study. Patients required to co-sign the most recent version of consent forms during their participation in the study. In the case of modified or updated consent forms, the case history or clinical records of each patient must document this change to be allowed to continue participating in the study. The patient or the patient's legally authorised representative will receive a copy of each signed consent form. All signed and dated forms of consent will remain in the study file of each patient or centre file and will be available for study monitors to verify at any time. These ICF forms will be reviewed, if/when changes are made to a research procedure or with the genesis of newly available information that could affect the patient's willingness to participate.

Discussion {#s7}
==========

Heart failure syndromes are affecting about 26 million people worldwide, and half of the population has a 5-year mortality rate.[@R28] Its prevalence from 2009 to 2012 in the USA was 5.7 million people, from 2011 to 2014 there was an increase to 6.5 million Americans. It is expected that by 2030 the increase will be 46%, almost 8 million Americans.[@R28] Additionally, heart failure syndromes are the fourth leading cause of adult hospitalisations and the most frequent cause of hospitalisation in patients older than 65 years.[@R28] The 1-year mortality in patients with heart failure syndromes is over 30% in NYHA functional class III and IV and \>60% in class IV.[@R30] Mortality is related to ventricular arrhythmias, recurrent myocardial infarction, electrolyte disturbances and the use of psychotropic and antiarrhythmic drugs. Atrial fibrillation, a common complication, increases stroke and thromboembolic complications.[@R31]

Among heart failure syndromes, HFrEF is the final common pathway of multifactorial triggers (ie, toxic, infectious, genetic). The pathophysiological mechanisms are characterised by cardiomyocyte damage, endothelial dysfunction leading to microvascular damage, inadequate ventricular remodelling, ventricular dysfunction as well as the activation of the vasopressin and renin-angiotensin-aldosterone system.[@R2] The clinical presentation includes a progressive clinical deterioration from a subclinical stage, characterised by initial clinical stability, in the absence of symptoms, to a clinical stage with frequent exacerbations, marked deterioration of functional status and quality of life and finally, premature mortality due to left ventricular dysfunction and sudden arrhythmogenic death.

Although available therapeutic approaches based on neurohormonal inhibition[@R32] have shown a significant decrease in HFrEF-related mortality, currently, despite treatment with evidence-based chronic HFrEF therapy during hospitalisation, postdischarge AEs, rehospitalisation and mortality event rates remain high. On the other hand, clinical and experimental data support the additional critical role that chronic inflammation plays in HFrEF.[@R33] An increase in pro-inflammatory cytokines has been identified in the later stages of HFrEF, which can be considered as evidence of innate and acquired immune system activity. Previously, we found elevated levels of TNF-α in patients with advanced congestive heart failure.[@R33] We presume that along with other pro-inflammatory cytokines, it could lead to left ventricular dysfunction and cardiomyopathy as seen in animal models.[@R33]

Recently, we demonstrated myocardial-associated antibody profiles in patients with severe HFrEF, for the first time.[@R1] In this study, we obtained cardiac biopsies from two groups: 100 from patients with end-stage heart failure and 40 from healthy donor patients, where we confirmed the presence of increased levels of IgG and its antigen in the hearts of the end-stage heart failure group. We localised IgG in 71% of these patients, 48% of those being positive for the subtype IgG3. The proportion of patients with ischaemic heart disease that were positive for IgG was 65%, and among patients with non-ischaemic aetiologies, it was 76%.[@R1] The complement system was activated in 31% of all patients. The presence of IgG and C3 was directly correlated with the length and progressive state of disease (r=0.451, p=0.006). We also identified the ATP synthase b-subunit as a prominent anticardiac antibody and antibody deposition which was largely encountered on the sarcolemma, indicating that the antibodies were more likely anticardiac antibodies. This finding was strengthened by the demonstration of co-localised Ig3 and C3c deposits in a similar distribution on the sarcolemma. Importantly, immune activation was demonstrated as a late event in the course of heart failure as indicated by a higher proportion of IgG3 and C3c deposition in patients with a more prolonged duration of illness. The formation of anticardiac antibodies does not appear to be a phenomenon exclusive to patients with non-ischaemic aetiology since we found similar proportions of positive cardiac samples among ischaemic and non-ischaemic patients. These findings provide important and new information about the role of the humoral immune responses in the progression of heart failure.[@R1] In a significant proportion of other studied tissues, complement components were activated on their encounter as evidence of local inflammatory activity.[@R1] This evidence suggests that in the genesis of HFrEF, there is a B-lymphocyte response to the release of cardiac proteins. The role of B-cells as potential contributors to cardiac injury depends on whether B-cells or their products respond to the neoexpression of altered cardiac proteins, exposed to the immune system.[@R36] We recently encountered examples of B-cells as the primary mediators of lesions that can be found in patients with dilated cardiomyopathy in whom circulating antibodies have been demonstrated to possess activity against the β-receptor, in which the elimination of these antibodies significantly improves the course of the disease.[@R2]

Our observations provide us with a greater knowledge of the immunological processes involved in HFrEF, which leads us to consider this syndrome as a neurohumoral inflammatory pathology.[@R4] Additionally, we found that the pharmacological depletion of B-lymphocytes with a monoclonal antibody directed against the CD20 B-cell marker reduced the expression of heart failure in mice, showing decreased fibrosis, ventricular dilatation, resulting in an improvement in the ejection fraction.[@R5] Importantly, rituximab, a humanised monoclonal antibody anti-CD20 (HMA-CD20) has shown efficacy and safety in haematological malignancies and autoimmune diseases, by depleting overall B-cell count. Besides, we observed a regression of ventricular dysfunction when these circulating antibodies were neutralised in postheart-transplant patients complicated by severe heart failure due to transplant rejection.[@R37] These observations suggest that the inflammatory phenomenon plays a central role in the genesis and progression of heart failure and that it may also be reversible. Based on this evidence, it could be considered that HMA-CD20 might aid in the depletion of activated B-cells in patients with severe HFrEF, and therefore possibly decrease myocardial damage progression and maintain ventricular function. Due to the fragile nature of this population, and absent evidence of prior use of HMA-CD20 in this disease, the primary target of our study will be to determine the safety of HMA-CD20 use in patients with severe HFrEF that have an inadequate response to conventional treatment.
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